We present the design, fabrication, and characterization of quantum dots-in-a-well infrared detectors integrated with a planar metamaterial layer. The resonantly excited metamaterial layer provides strongly enhanced optical fields and the increased photocurrent is obtained at the metamaterial resonant frequency.
Summary
There has been increasing interest in the integration of plasmonic metamaterials with infrared detectors 1 .
Strongly enhanced electromagnetic fields near plasmonic structures can enhance light absorption and improve the detector performance. Various metallic nanostructures are considered in the literature, including a bull's eye, bow-tie, C-aperture, and periodic hole array. In this work, we integrate a planar metamaterial layer (gold split ring resonators, SRRs) with quantum dots-in-a-well (DWELL) infrared detectors and demonstrate photocurrent enhancement at the metamaterial resonance frequency. The resonantly excited metamaterial layer produces strong electromagnetic fields in the DWELL layer and enhances quantum dot (QD) intersubband transitions (ISTs), which results in photocurrent enhancement. The IST can be widely tunable from near-to far-infrared by adjusting semiconductor growth parameters or through the use of different material systems. The detector structure is shown in Fig 1a. The wafer was grown by molecular beam epitaxy (MBE) with an As 2 cracker source. An n+ doped GaAs substrate was used to avoid the cross talk between adjacent photodetector cells. Detector mesa arrays with a top aperture of 300 µm in diameter were fabricated using conventional photolithography and plasma etching. The top and bottom Ohmic contacts were obtained by metal deposition and the following rapid thermal annealing at 380 °C. Then, gold SRR arrays were patterned by electron beam lithography in the aperture region (Fig. 1b) . We varied a scale factor of SRRs to adjust the metamaterial resonance frequency. Before this SRR patterning, we etched down the n+ top contact layer in the aperture region by ~ 390 nm in order to get the metamaterial layer closer to the quantum dot region in the substrate. We left a very thin layer (~ 10 nm) of n+ GaAs in the active region to ease carrier collection. Finally, the sample was mounted on a chip carrier and wire-bonded. Photocurrent measurements were conducted at low temperature (77 K). Incident light was polarized normal to the gap of the SRR in order to excite a LC resonance. Fig. 1c shows the measured photocurrent intensity as a function of wavelength for different SRR scale factors. The data from the control sample (which does not have a metamaterial layer) are also shown for comparison. When the SRR resonance frequency matches the QD IST (~ 5.3 μm), the photocurrent was increased by about a factor of four (Scale factor 0.4). As the scale factor increases, the photocurrent intensity drops quickly. As a sanity check, we also performed the measurements with other polarization (i.e. parallel to the gap). This parallel polarization does not excite a LC resonance in the SRR arrays and the measured photocurrent did not show a resonant behavior like Fig. 1c . 
